Abstract: Endoscopy is an important tool in screening and monitoring inflammatory bowel disease (IBD); however, it is invasive, costly, and associated with risks to the patients. Recently, circulating microRNAs (miRNAs) have emerged as promising noninvasive biomarkers. We proposed that the expression of serum microRNA223 (miR-223) could be a biomarker for IBD.
INTRODUCTION

I
nflammatory bowel disease (IBD), which includes Crohn's disease (CD) and ulcerative colitis (UC), is believed to develop via a complex interaction between genetics, immune response, and environmental factors, and this interaction is reflected in broad gene expression changes. [1] [2] [3] Owing to the natural history of repeated recurrence of IBD, the disease activity of patients would be evaluated and monitored repeatedly. However, most of these monitoring tools are invasive, time-consuming, and expensive. Thus, it is not suitable and optimal for routine clinical applications. To overcome this dilemma, lots of biomarkers in peripheral blood may be an ideal alternative choice in the screening and disease activity assessment of IBD.
MiRNAs are short single stranded non-coding RNAs, which can regulate gene expression at the posttranscriptional level and may interfere with the process of transcription. 4 More than 60% of protein coding messenger RNAs were reported to be regulated by them, influencing important cellular biological functions such as proliferation, migration and invasion, signal transduction, autophagy, and apoptosis. 5, 6 Till now more and more data showed that patients with IBD have altered miRNA profiles both in tissues and peripheral blood compared with healthy controls. 7, 8 Recently, circulating miRNAs were explored to be promising potential biomarkers in the diagnosis and screening of multiple cancers. 9 They were present in serum in a cell-free state, and resistant to harsh conditions and in a stable form, which made their potential use as noninvasive biomarkers. 6, [10] [11] [12] [13] [14] [15] Furthermore, miRNAs have the benefit of being obtained with relatively minimally invasive procedures and can be rapidly quantified by quantitative-polymerase chain reaction (PCR) or microarrays. Therefore, circulating miRNAs are attractive noninvasive biomarkers with promising clinical values.
Recently, detection of miRNAs in the peripheral blood has been extended to immune disorders such as systemic lupus erythematosus and rheumatoid arthritis. 16 However, few studies have been performed on the relationship between miRNAs and IBD. In the present study, our goal was to determine if serum microRNA223 (miR-223) differed between IBD patients and healthy controls and to determine if there was any correlation between miR-223 levels and other indicators of disease activity both in CD and UC.
MATERIALS AND METHODS
Serum Samples and Disease Activity
Serum was obtained from 100 patients with IBD (50 with CD and 50 with UC) and 50 healthy controls at the First Affiliated Hospital, Sun Yat-sen University. All the participants gave written informed consent, and the study protocol was approved by the Human Ethics Committee of the First Affiliated Hospital, Sun Yat-Sen University. The diagnosis of CD and UC was confirmed by standard parameters as previously described. [17] [18] [19] The site of disease was defined according to the Montreal classification. 20 The clinical disease activity was assessed by the measurement of the Crohn's disease activity index (CDAI) for CD and the Mayo score for UC. 21, 22 Endoscopies were performed and graded according to the simple endoscopic score (SES) for CD (SES-CD) scoring systems and ulcerative colitis endoscopic index (UCEIS) of severity scores for UC. [22] [23] [24] Patients with infectious colitis and colorectal cancer were excluded. Individuals who had normal height and body mass index and no history of chronic diseases were recruited for the control group. Blood samples for the measurement of high-sensitivity C-reactive protein (hs-CRP) and erythrocyte sedimentation rate (ESR) were taken within 1 week before or after endoscopy. To avoid bias, all gastroenterologists performing the endoscopies were unaware of the results of the disease activity index. Serum was stored at À808C until RNA isolation.
RNA Isolation and Reverse-Transcriptase PCR
Total RNA was isolated from 1 mL of serum using the mirVana miRNA Isolation Kit (Ambion, Austin, TX) according to manufacturer's instructions. For the reverse transcription (RT) of miR-223, we prepared a reaction with the RT master mix using the Transcriptor First Stand cDNA Synthesis Kit (Roche, Germany, Penzberg).
Quantitative-PCR
The Fast Start Universal SYBR Green Master (Roche) was used to confirm the miRNA expression changes of miR-223 both in the serum and the colonic tissues (primer sequences for miR-223 forward primer: GCGGCGGTGTCAGTTTGTC; reverse primer: GTGCAGGGTCCGAGGT). The expression of miRNA was calculated relative to U6 (primers sequences for U6, forward primer: CTCGCTTCGGCAGCACA; reverse primer: AACGCTTCACGAATTTGCGT). A comparative threshold cycle method was used to compare each condition with the control.
Statistical Analysis
Experimental results are expressed as mean AE SD. Statistical analyses for quantitative RT-PCR were performed with the unpaired, 2-tailed Student t tests and one-way analysis of variance for comparing all pairs of groups (SPSS 16.0). The association between 2 variables was assessed by Spearman rank correlation coefficient (r) for nonparametric correlations. P < 0.05 was considered statistically significant.
RESULTS
Identification of Serum MiR-223 as a Signature for IBD Patients
Quantitative RT-PCR revealed that the expression of serum miR-223 was significantly increased in CD and UC patients compared with the control group. The clinical characteristics of the patients and the controls were shown in Table 1 . Serum miR-223 expression showed an increase of 2.2-fold in patients with CD and 2.8-fold in patients with UC compared with the control group (Figure 1 ; P < 0.01).
Expression Levels of Serum MiR-223 Were Correlated With Disease Activity of IBD
To identify the level of serum miR-223 expression with potential diagnostic value, we analyzed the correlation of serum miR-223 with CDAI, ESR, hs-CRP, and SES-CD in patients with CD (Figure 2) , and at the same time we analyzed the correlation of serum miR-223 with the Mayo score, ESR, hs-CRP, and UCEIS in patients with UC ( Figure 3 ). We found that the level of serum miR-223 had a positive correlation with these indicators of disease activity in both CD and UC, suggesting that the miR-223 level was associated with IBD disease activity. 
Predictive Values of Serum MiR-223 in IBD Patients
We investigated the correlation of miR-223, ESR, and hs-CRP with CDAI and found that compared with ESR and hs-CRP, miR-223 demonstrated a higher Spearman r value in detecting the disease activity of patients with CD ( Figure 4A,B) . In patients with UC, we also detected the correlation of ESR and hs-CRP with the Mayo score and UCEIS. Interestingly, we found that the correlations of hs-CRP with the Mayo score and UCEIS did not exhibit statistically significant differences ( Figure 5A,B) . The correlation between ESR and Mayo score also did not exhibit statistically significant differences ( Figure 5C ). When correlating with UCEIS, miR-223 demonstrated a higher Spearman r value (r ¼ 0.481) than ESR ( Figure 5D ; r ¼ 0.334).
DISCUSSION
The most common biomarkers for monitoring disease activity for IBD now are ESR and hs-CRP; however, they always show a relatively low specificity and high expression heterogeneity in patients with IBD. 25, 26 Thus, even today, the screening and monitoring of IBD remain challenging even to the most experienced physicians. Considering this, the identification of novel noninvasive IBD biomarkers would be beneficial for clinical practice. Recently, miRNA was found to be a new regulator in the etiology of many diseases, including cancer and inflammatory diseases. Whether miRNA could be used as a new biomarker in disease screening and monitoring is a hot topic in this field.
Except miRNA expression in human tissue, 27 more and more studies examined miRNA expression in the peripheral blood of IBD patients. 28, 29 Endogenous miRNAs are stable in peripheral blood, 10 and they can avoid rapid enzymatic degradation and renal clearance. 30 A previous study reported that the existence of specific miRNA expression patterns was associated with IBD and their different stages, which supported the utility of miRNA as possible biomarkers. 31 On the basis of our miRNA microarray data in colonic tissues (not shown here), we found that the expression of miR-223 in tissues was highly upregulated in IBD patients compared with controls, highlighting that miR-223 might play an important role in the development of IBD. However, it is not convenient to detect the miRNA expression in the tissues of IBD patients, due to the indispensable application of colonoscopy and prior bowel cleansing. It would be much easier and more convenient to detect it in serum. Therefore, we tried to explore that whether miR-223 in serum had diagnostic and/or prognostic value for patients with IBD, and at the same time to compare its value with other well-known biomarkers such as hs-CRP and ESR. In this study, we found that levels of serum miR-223 significantly increased in IBD patients compared with controls. Furthermore, we found that miR-223 had a positive correlation with these indicators of disease activity in both CD and UC, and it might be correlated much better with disease activity of CD than ESR and hs-CRP. These supported its potential role as a diagnostic and therapeutic target in future clinical application for IBD. In accordance with our study, Polytarchou et al recently confirmed that miR-223 was upregulated in the peripheral blood of UC patients compared with control subject. 32 By using microRNA prediction algorithms (www.microR-NA.org), we found miR-223 might target 5886 genes. Among this, we found that Claudin-8 might be a potential interesting downstream target, which is a tight junction-integral protein, playing important roles in maintaining cell polarity and permeability and is regarded as the backbone of the intestinal barrier. Further studies would be needed to confirm its role in the development of IBD.
In conclusion, the present study revealed that the level of serum miR-223 significantly increased in IBD patients compared with controls. Serum miR-223 was a more reliable method for monitoring disease activity than ESR or hs-CRP and that serum-derived miR-223 might have superior prognostic value than ESR or hs-CRP. Therefore, circulating miR-223 might serve as a new promising biomarker for IBD. However, it 
